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1 Introduction
7KHDPRXQWRIGDWDVWRUHGDQGFRQVXPHGRQDGDLO\EDVLVDVZHOODVWKHFRPSOH[LW\RI
WKHGDWDVWUXFWXUHKDYHJURZQUDSLGO\LQSDVW\HDUV>@(VSHFLDOO\EXVLQHVVFRPSDQLHV
WU\ WR UHGXFH WKH ULVLQJ H[SHQVHV IURP VWRUDJH LQIUDVWUXFWXUH DVZHOO DV IURP UH
LPSOHPHQWDWLRQRIXVHULQWHUIDFHVWRDGDSWWRHYROYLQJWDVNV
0DVK8S)UDPHZRUNVDQGV\VWHPVIRU+LHUDUFKLFDO6WRUDJH0DQDJHPHQW+60
DUHWZRWHFKQRORJLHVIRFXVLQJULJKWRQWKLVQHHG$GGLWLRQDOO\WKHGRPDLQLQZKLFK
GDWDLVXVHG\LHOGVLQIRUPDWLRQDERXWWKLVGDWDDWDFHUWDLQSRLQWLQWLPHHJVXFKDV
UHOHYDQFHRULPSRUWDQFHWRWKHXVHUEDVH7KH6(16(SURMHFWWULHVWRFRPELQHWKRVH
DVSHFWVWRHQKDQFHWKHRYHUDOOV\VWHPIXQFWLRQDOLW\E\DGGLQJVHPDQWLFWHFKQRORJ\
DQGE\WKDWDOORZLQJIRUDVHOIRUJDQL]HGVWRUDJHGRQHE\WKHV\VWHPDVZHOODVIRU
DGYDQFHGVHOIVWUXFWXUHGXVHULQWHUIDFHVGRQHE\WKHXVHU
7KLV SDSHU GHVFULEHV D VHWXS IHDWXULQJ D :LGJHW'DVKERDUG)UDPHZRUN FDOOHG
1HZV'HVN DQG WKH UXQWLPHLQGHSHQGHQW FRPPXQLFDWLRQ IUDPHZRUNV*/8( DQG
02&&$:HVKRZKRZWKHVHSDUWVFRPELQHGLQWRWKH6(16(IUDPHZRUNFDQOHDG
WRLQFUHDVHGSHUIRUPDQFHUHJDUGLQJDVSHFWVOLNHORDGWLPHRIGDWDREMHFWVDQGRYHUDOO
VWRUDJHORDGRIDPXOWLWLHUDUFKLWHFWXUH
)LUVWDVKRUWVXPPDU\RIUHODWHGZRUNLVJLYHQIROORZHGE\LQWURGXFLQJWKHUHDGHUWR
WKH6(16(IUDPHZRUNFRQWDLQLQJDOOWKHDIRUHPHQWLRQHGFRPSRQHQWV$IWHUZDUGV
WKHSRZHURIWKHV\QHUJ\RIDOOWKRVHFRPSRQHQWVLVLOOXVWUDWHGE\SUHVHQWLQJDVFHQDULR
XWLOL]LQJGRPDLQNQRZOHGJHIURPDFROODERUDWLYHLPDJHVHOHFWLRQSURFHVVLQWKHPHGLD
SUHVVGRPDLQZLWKLQDSODWIRUPZLVHKHWHURJHQHRXVV\VWHPHQYLURQPHQW(YHQWXDOO\
WKHSDSHULVFRQFOXGHGZLWKWKHSUHVHQWDWLRQRIWKHDFKLHYHGUHVXOWVDVZHOODVDVKRUW
RXWORRNRQIXWXUHGHYHORSPHQWDQGUHVHDUFK

2 Related Work
7R DYRLG UHLPSOHPHQWLQJ XVHU LQWHUIDFHV RYHU DQG RYHU DJDLQ WKH VHSDUDWLRQ RI
8,EXLOGLQJEORFNVLQWRVRFDOOHGZLGJHWVKDVEHHQSURSRVHG6LUHHWDOGHVFULEHD
GDVKERDUGDVDSODFHLQWKHXVHULQWHUIDFHWKDWRIIHUVOLPLWHGVSDFHWRFRPSRVHDVHW
RIZLGJHWV >@7KLVFRQFHSWDOUHDG\KDVEHHQVXFFHVVIXOO\HPSOR\HGE\ LQGXVWU\
VFDOHDSSOLFDWLRQVOLNH,QWHUJDWRURU2UDFOH0HWDOLQNDQGRQWRSLVDIHDVLEOHZD\WR
DFKLHYHSHUVRQDOL]HGXVHULQWHUIDFHVWRVXSSRUWWKHXVHUZKLOVWSHUIRUPLQJZRUNÀRZV
WRKLVWDVWH
7RLQFUHDVHWKHDFFHSWDQFHRIXVHUFRQVWUXFWHGXVHU LQWHUIDFHVHQKDQFLQJWKHHDVH
RIUXQWLPHFRPSRVLWLRQ>@DQGWKHGHVFULSWLRQRIFDSDELOLWLHVRIGLIIHUHQWPDVKXSV
WRDXWRPDWLFDOO\JHQHUDWHDQLQVWDQFHRIVXFK>@KDVEHHQDQGVWLOOLVWKHPDWWHURI
VFLHQWL¿FUHVHDUFK)XUWKHUPRUHWKHHQKDQFHPHQWRI0DVKXSWHFKQRORJ\HVSHFLDOO\
E\DGGLQJDVHPDQWLFDQQRWDWLRQWRPDVKXSFRPSRQHQWVKDVEHHQDGGUHVVHG>@
(PSOR\LQJORWVRIGLIIHUHQWUXQWLPHHQYLURQPHQWVWRFRQFOXGHDWDVNSRVHVWKHQHHG
IRUDUXQWLPHLQGHSHQGHQWFRPPXQLFDWLRQSDUDGLJP$PDVKXSRILQGHSHQGHQWGDWD
VRXUFHVDOJRULWKPSURYLGHUVDQGDJUDSKLQWHUDFWLRQXVHULQWHUIDFHKDVEHHQGHYHORSHG
GXULQJWKH%,621SURMHFW'XULQJWKLVSURMHFW*/8(02&&$ZDVXVHGWRUHDOL]H
VXFKDUXQWLPHLQGHSHQGHQWFRPPXQLFDWLRQDQGE\WKDWSURYHGWKDWWKHFRPPXQLFDWLRQ
ZLWK*/8(02&&$LVIHDVLEOHLQDPDVKXSDSSOLFDWLRQVFHQDULR>@
3 The SENSE Framework
$OORZLQJ D V\VWHP WR WDNH VHPDQWLF GHVFULSWLRQ LQWR FRQVLGHUDWLRQ ZKLOH VHOI
RUJDQL]LQJLWVXQGHUO\LQJVWRUDJHVWUXFWXUHDVZHOODVSURYLGLQJDGGLWLRQDOLQIRUPDWLRQ
EDFN WR WKHXVHU LQWHUIDFHGHPDQGVD IUDPHZRUN7KH6(16(SURMHFW IRFXVHVRQ
UHDOL]LQJVXFKDIUDPHZRUNE\SURYLGLQJDVRIWZDUHVWDFNWKDWLVFRPSULVHGRIVHYHUDO
VRIWZDUHFRPSRQHQWVZKLFKDUHRQWKHRQHKDQGORRVHO\FRXSOHGRQWKHRWKHUKDQG
VWURQJO\WLHGE\NQRZOHGJHRIGDWDDQGLQWHUDFWLRQVHPDQWLFVWKURXJKRXWWKHZKROH
V\VWHP7RDFKLHYHDFRPSOHWHLQWHJUDWLRQDOOFRPSRQHQWVRIDV\VWHPIRULQWHUDFWLRQ
RQELJGDWDVWRUHVDUHLQFOXGHGIURPWKH+LHUDUFKLFDO6WRUDJH0DQDJHPHQW+60RQ
WKHERWWRPWRWKHXVHULQWHUIDFHVRQWRSRIWKHVRIWZDUHVWDFN,QWKHIROORZLQJVHFWLRQV
ZHSUHVHQWWKHFRPSRQHQWVPRVWUHOHYDQWIRUVKRZLQJKRZLPSURYHGSHUIRUPDQFH
DQGXVDELOLW\FDQEHDFKLHYHGE\WKHVWURQJVHPDQWLFLQWHJUDWLRQLPSOHPHQWHGLQWKH
6(16(IUDPHZRUN
KWWSZZZLQWHUJDWRUGHSURGXNWHQWHUSULVHVHDUFKGDVKERDUG
KWWSVVXSSRUWKWPORUDFOHFRP

3.1 SENSE Overview
6(16(DQDFURQ\PIRUÄ,QWHOOLJHQW6WRUDJHDQG([SORUDWLRQRI ODUJH'RFXPHQW
6HWV³ LV DQ RQJRLQJ UHVHDUFK SURMHFW GULYHQ E\ WKUHH LQGXVWU\ SDUWQHUV DQG WZR
DFDGHPLFLQVWLWXWLRQV7KHPDLQFRQFHSWIRFXVHVRQDFRQWLQXRXVÀRZRIVHPDQWLFDOO\
HQULFKHGGDWDEHWZHHQGLIIHUHQWWLHUVRIDORRVHO\FRXSOHGVRIWZDUHVWDFN(VSHFLDOO\
QRWHZRUWK\LVWKHIDFWWKDWQRWRQO\UHDOZRUOGEXWDOVRWHFKQLFDOGRPDLQDQQRWDWLRQV
WRDFWXDOGDWDDVZHOODVGRPDLQVSHFL¿FFRQFHSWVDUHFRQVLGHUHG
)RU H[DPSOH LPDJHSUHYLHZ ¿OHV DUH WHFKQLFDO HQWLWLHV IURP WKH PXOWLPHGLD
DSSOLFDWLRQGRPDLQ7KHVHPDQWLFNQRZOHGJHRI WKHLUH[LVWHQFHFDQEHHPSOR\HG
LQ WKHKLHUDUFKLFDOVWRUDJH WLHU WRNHHSWKHSUHYLHZ¿OHZLWKLQ WKHIDVWHVW OD\HURI
WKH+60IRU LPPHGLDWHGHOLYHU\EXWVWRULQJWKHQRWLFHDEOHODUJHUKLJKUHVROXWLRQ
LPDJHVLQDVORZHUDQGWKHUHIRUHFKHDSHUVWRUDJHWLHU,QUHWXUQWKHKLHUDUFKLFDOVWRUDJH
PDQDJHPHQW V\VWHPPD\ LQIRUP D SUHVHQWDWLRQWLHU DSSOLFDWLRQ WKDW WKH WLPH RI
GHOLYHU\DQRWKHUWHFKQLFDOSURSHUW\IRUVRPH¿OHZLOOEHH[FHSWLRQDOO\ORQJEHFDXVH
WKHWDUJHWHG¿OHV\VWHPPHGLDKDVWREHUHPRXQWHG
7KH6(16(FRQVRUWLXPVKDUHVWKHRSLQLRQWKDWLQWURGXFLQJDGGLWLRQDOWHFKQLFDODQG
GRPDLQVSHFL¿FVHPDQWLFLQIRUPDWLRQWRPRGHUQVRIWZDUHDUFKLWHFWXUHZLOO OHDGWR
LPSURYHGVFDODELOLW\DQGSHUIRUPDQFHRIODUJHGRFXPHQWFROOHFWLRQVRYHUWLPH
7RDFFRPSOLVKWKLVJRDO6(16(IHDWXUHVDVHPDQWLFUHSRVLWRU\DWWKHKHDUWRILWVFRQFHSW
WRVHUYHWKHGLIIHUHQWLQWHUFRQQHFWHGV\VWHPWLHUVWKURXJKGHGLFDWHGDSSOLFDWLRQDQG
WHFKQLFDOGRPDLQRQWRORJLHVDVVKRZQE\)LJXUH6(16()UDPHZRUNDUFKLWHFWXUH
)RUHDV\DQGÀH[LEOHXVHULQWHUIDFHGHYHORSPHQWD:LGJHW'DVKERDUG)UDPHZRUNKDV
EHHQLQFOXGHG$GYDQFHGDQGFRVWHI¿FLHQWVWRUDJHVWUXFWXUHVFDQEHUHDOL]HGZLWK
WKH+LHUDUFKLFDO6WRUDJH0DQDJHPHQW6\VWHPFRQWDLQHGE\WKH6(16()UDPHZRUN
7KRVHEDVLFFRPSRQHQWVGHPDQGDGGLWLRQDOORJLFWRUHDOL]HWKHDVSLUHGFRQWLQXRXV
LQWHJUDWLRQ6XFKDV WKH+602EVHUYHUZKLFKWDNHVFDUHRINHHSLQJ¿OH ORFDWLRQ
DQGGRPDLQNQRZOHGJHLQV\QFDQGE\WKDWHQDEOLQJWKH+60([WHQVLRQWRFRPSXWH
VXJJHVWLRQVIRUWKH+60ZKLFK¿OHVWRNHHSLQWKHIDVWHVWOD\HUVDQGZKLFK¿OHVWR
SXUJHWRORZHUVWRUDJHWLHUV
$FHQWUDOFRPSRQHQW WKH5HVRXUFH0DQDJHU LV LQWURGXFHGIRU LPSRUWDQGH[SRUW
SXUSRVHVWRHQVXUHQRV\QFKURQL]DWLRQSUREOHPVRFFXUZKLOHHQWLWLHVDUHSXVKHGLQWR
RUUHPRYHGIURPWKH6(16()UDPHZRUN)LQDOO\DOOQHFHVVDU\IXQFWLRQDOLW\XVHIXO
WRDSSOLFDWLRQGHYHORSHUVLVZUDSSHGLQWKHVRFDOOHG6(16($3,DOORZLQJIRUHDV\
LQWHJUDWLRQRIWKH6(16()UDPHZRUNZLWKLQGLIIHUHQWXVHFDVHV7KLVSDSHUPDLQO\
IRFXVHVRQDVSHFWVUHODWHGWRWKH8,)UDPHZRUNDQGWKH+60

Figure 1: SENSE Framework architecture
3.2 NewsDesk: a Widget/Dashboard Framework for Mash-ups
1HZV'HVN LV WKH DIRUHPHQWLRQHG:LGJHW'DVKERDUG)UDPHZRUNZKLFKKDV EHHQ
LQFOXGHGLQWKH6(16()UDPHZRUN,WLVEDVHGRQWKHZHEWHFKQRORJ\VWDFN+70/
	-DYD6FULSWDQGIRFXVHVRQWKHDSSURDFKRIHPSRZHULQJHQGXVHUV WRFRPSRVH
WKHLURZQXVHULQWHUIDFHVHYHQDWUXQWLPH%\WKDWHQGXVHUVFDQDGDSWWKH8,WR¿W
WKHQHHGVIRUWKHFXUUHQWWDVNVDWKDQG
:LGJHWVDUHWKHEDVLFEXLOGLQJEORFNVZLWKLQWKH1HZV'HVNIUDPHZRUNZKLFKXVHUV
FDQHPSOR\WRFRQVWUXFWWKHLUXVHULQWHUIDFHVRQDVRFDOOHGGDVKERDUG:LGJHWVDQG
GDVKERDUGVDUHWKHFRUHFRQFHSWVRIWKH8,)UDPHZRUNDQGDUHHQULFKHGZLWKPHDQV
IRUHDV\UHXVDELOLW\RIRQFHFRPSRVHGDQGFRQ¿JXUHGGDVKERDUGVDQGFRPIRUWDEOH
OD\RXWLQJ>@$QH[DPSOHRIDGDVKERDUGFRQWDLQLQJIRXUZLGJHWV LVGHSLFWHGE\
)LJXUH1HZV'HVN([SORUDWLRQGDVKERDUGH[DPSOH
Figure 2: NewsDesk Exploration dashboard example

,QWHUDFWLRQEHWZHHQZLGJHWVLQWKHIRUPRIFRPPXQLFDWLRQLVLQGLVSHQVDEOHWRUHDOL]H
EXVLQHVVVFDOHDSSOLFDWLRQV1HZV'HVNEDVHVWKHLQWHUZLGJHWFRPPXQLFDWLRQRQD
ORRVHO\FRXSOHGSXEOLVKVXEVFULEHDSSURDFK>@1HZV'HVN:LGJHWVGRQRWDVVXPH
DQ\WKLQJDERXWRWKHUZLGJHWV WKH\ZLOOEHFRPSRVHGZLWKRQDGDVKERDUG+HQFH
ZLGJHWV FDQ EH HDVLO\ DGGHG RU UHPRYHG IURP D FRPSRVLWLRQ HYHQ DW UXQWLPH
&RPPXQLFDWLRQZLVH FRPSDWLELOLW\ LV DXWRPDWLFDOO\ FRPSXWHG IURP D VHW RI
FRPPXQLFDWLRQGHVFULSWLRQVJLYHQE\WKHZLGJHWGHYHORSHU
7KHZLGJHW FRQFHSW KDV EHHQ HPSOR\HG DV SURYLGHG E\ WKH1HZV'HVN IURP WKH
EHJLQQLQJ$GGLWLRQDOO\WRLWVRULJLQDOIXQFWLRQDOLW\WKHHPSOR\PHQWRIWKHVHPDQWLF
UHSRVLWRU\ SURYLGHG E\ WKH 6(16( )UDPHZRUN KDV EHHQ XVHG WR LPSURYH WKH
DXWRPDWLFFRPPXQLFDWLRQFRPSXWDWLRQ'HVFULELQJGRPDLQGHSHQGHQWW\SLFDOXVHU
LQWHUIDFHFRPSRVLWLRQVKDVEHHQXVHGWRJHQHUDWHFRPSRVLWLRQSURSRVDOVDVZHOODV
DQDGYDQFHGZLULQJRIFRPPXQLFDWLRQZLVHFRPSDWLEOHZLGJHWV>@)XUWKHUPRUH
WKHNQRZOHGJHRIGDWD W\SHVXVHGE\XVHU LQWHUIDFHFRPSRQHQWVFDQEHOHYHUDJHG
WRGHGXFH WKHPRVW LPSRUWDQWGDWD W\SHVDQG WKHRQFHZKLFKDUHQRWHPSOR\DEOH
RUGLVSOD\DEOHDWDOOZKLOHFDOFXODWLQJUHFRPPHQGDWLRQVIRUSXUJLQJGDWDWRVORZHU
VWRUDJHWLHUVE\WKH+60([WHQVLRQ7KLVLVRQHH[DPSOHRIKRZNQRZOHGJHDERXW
WKHXVHULQWHUIDFHVRIDFHUWDLQGRPDLQFDQEHXVHGWRGHULYHLPSRUWDQWLQIRUPDWLRQ
IRUWKHVWRUDJHPDQDJHPHQWFRPSRQHQWV
3.3 Communication
$VWKHFRPSRQHQWVRIWKH6(16(IUDPHZRUNDUHORRVHO\FRXSOHGPD\EHGLVWULEXWHG
RYHUVHYHUDOPDFKLQHVDQGHVSHFLDOO\ LQ WKH8, UHTXLUHFRPPXQLFDWLRQVFKHPHV
PRUH FDSDEOH WKDQ WKH WUDGLWLRQDO UHTXHVWUHVSRQVHSDUDGLJPZH FKRRVH DQRYHO
FRQFHSWIRUFRPPXQLFDWLRQEHWZHHQWKHFRPSRQHQWV7KHORZHUWLHUFRPSRQHQWVOLNH
WKH+60DQGWKH+60H[WHQVLRQVDVZHOODVWKHVHPDQWLFVWRUDJHXVHWKHZHOONQRZQ
;0/53&IRUDUHTXHVWUHVSRQVHEDVHGFRPPXQLFDWLRQ7KHKLJKHUWLHUFRPSRQHQWV
LQFOXGLQJWKHXVHULQWHUIDFHKDYHPRUHFRPSOH[FRPPXQLFDWLRQVFKHPHVOLNHVHQGLQJ
LQWHUPHGLDWHUHVXOWVLHPRUHWKDQRQHUHVSRQVHVWRDUHTXHVWRUDGGLWLRQDOPHWDGDWD
HJSURJUHVVLQIRUPDWLRQWKDWDOORZVWKH8,WRGLVSOD\DSURJUHVVEDUDQGDQHVWLPDWHG
WLPHWRZDUGVWDVNFRPSOHWLRQ)RUWKRVHNLQGVRIDSSOLFDWLRQV6(16(IHDWXUHV*/8(
DQG02&&$WRHQDEOHUXQWLPHLQGHSHQGHQWFRPPXQLFDWLRQ
*/8(*HQHULF/D\HUIRU8QL¿HG([FKDQJH
*/8(LVD-DYDOLEUDU\ZLWKH[LVWLQJSRUWV WRGLIIHUHQW ODQJXDJHVHJ-DYDVFULSW
WKDW VLPSOL¿HV DV\QFKURQRXV FRPPXQLFDWLRQ EHWZHHQ KHWHURJHQHRXV VRIWZDUH
FRPSRQHQWV ,W VXSSRUWV YDULRXV H[FKDQJHDEOH WUDQVSRUW SURWRFROV VXFK WKDW GDWD
FDQEHHDVLO\ WUDQVPLWWHG LQHYHU\VLWXDWLRQZLWKLQDVLQJOH-DYDYLUWXDOPDFKLQH
LQPHPRU\RYHUWKHZLUH,3VRFNHWRUHYHQXVLQJDFKDWSURWRFRO;0337KH
FKRVHQZD\RIWUDQVPLWWLQJLVEDVHGRQWKHFDSDELOLWLHVRIWKHUXQWLPHWKHDSSOLFDWLRQ

HPSOR\LQJ*/8(LVUXQQLQJRQ*/8(SURYLGHVDFRPPXQLFDWLRQFKDQQHOZKLFK
LV DJQRVWLF RI WKH DFWXDO WUDQVSRUW PHWKRG DQG WKXV DOORZV D ÀH[LEOH ZLULQJ RI
FRPSRQHQWVLQWKH6(16(IUDPHZRUN
MOCCA – Message-Oriented Command and Context Architecture
02&&$LV WKH0HVVDJH2ULHQWHG&RPPDQGDQG&RQWH[W$UFKLWHFWXUHSURYLGLQJ
D*/8(EDVHGPLGGOHZDUH WKDW DOORZV VHQGLQJ FRPPDQGV WR D SHHUZKLFK DUH
H[HFXWHGE\VWDWHOHVVKDQGOHUV LQDVSHFL¿FFRQWH[W7KLVFRQWH[WFDQEHXVHG WR
VWRUHDQGDFFHVVGDWDDQGZLOOEHSURYLGHGZLWKHYHU\FDOORIWKRVHKDQGOHUVDQGFDQEH
XVHGIRUH[DPSOHWRGRHIIRUWOHVVVWDWHPRGHOLQJ,QFRQWUDVWWRWKHUHTXHVWUHVSRQVH
VFKHPHWKHPHVVDJHÀRZLVQRW¿[HGE\WKHIUDPHZRUN7KLVDOORZVLPSOHPHQWLQJ
DGGLWLRQDOFRPPXQLFDWLRQSDUDGLJPV7KHZKROHV\VWHPFDQEHVHHQDVDQDXWRPDWRQ
ZLWK0HVVDJHVWKDWWULJJHUVWDWHWUDQVLWLRQVLQWKHORFDO&RQWH[WV
:LWKLQ RXU VFHQDULR */8( DQG02&&$ DUH XVHG IRU FRPPXQLFDWLRQ EHWZHHQ
1HZV'HVN:LGJHWV DVZHOO DV EHWZHHQ:LGJHWV DQG H[WHUQDO DSSOLFDWLRQV 7KLV
XWLOL]HV*/8(6SURPLQHQWIHDWXUHWRHDVLO\FRQWDFWIRUHLJQSODWIRUPVHUYLFHVVXFKDV
DQDQGURLGDSSOLFDWLRQRUSUHVHQWDWLRQVRIWZDUHRXWVLGHRIWKHZHEVFRSH7KHIHDWXUH
LQGH[DQGWKHJUDSKLQWHUDFWLRQFRPSRQHQWVERWKDUHGHVFULEHGEHORZFDQDOVREH
VHHQDVVXFK)LQDOO\WKHUHLVD02&&$DJHQWIRUWKH6(16($3,WREULGJHEHWZHHQ
02&&$DQG;0/53&FRPPXQLFDWLRQ
4 Optimization through semantics
7KHIROORZLQJH[DPSOHIURPWKHSUHVVPHGLDGRPDLQLOOXVWUDWHVWKHDGYDQWDJHVDULVLQJ
IURPWKHGHVFULEHGWHFKQRORJLHVFRPELQHGLQWKH6(16(IUDPHZRUN7KHVFHQDULR
FRQVLGHUV DQ LPDJHPDQDJHPHQW V\VWHP WKDW HPSOR\V WKH 6(16( IUDPHZRUN WR
SURYLGHDFFHVVWRDODUJHDPRXQWXSWRPLOOLRQVRILPDJHV
&RQVLGHULQJHGLWRUVZDQWWRH[SORUHWKHGDWDVHWE\PHDQVRIVLPLODULPDJHVWR¿QG
JRRGFDQGLGDWHVIRUDSULQWSXEOLFDWLRQDQGIRUVLPLODUWDVNVDQGHYHQWXDOO\WDNHWKHLU
¿QGLQJVWRDQHGLWRULDOPHHWLQJZKHUHWKH\¶OOFROODERUDWLYHO\VHOHFWWKHLPDJHVWREH
SXEOLVKHGLQWKHQH[WQHZVSDSHULVVXH)LJXUH&ROODERUDWLYH,PDJH6HOHFWLRQ

Figure 3: Collaborative Image Selection
([SORUDWLRQLVDVHDUFKSDUDGLJPWKDWLQFRQWUDVWWRDQDGKRFVHDUFKOLNHWKHZHOO
NQRZQ*RRJOHVHDUFKXVHVDQLWHUDWLYHSURFHVVWKDWDOORZVWKHXVHU WRGH¿QHDQG
UH¿QHDQ LQIRUPDWLRQQHHGZKLOHGLVFRYHULQJ WKHVHDUFKVSDFHXQWLODVXI¿FLHQWO\
JRRGUHVXOWLVIRXQG>@7KHVFHQDULRVWDUWVZLWKDSLYRWLPDJHWKDWKDVEHHQDFTXLUHG
SULRUWRWKHH[SORUDWLRQE\XVLQJDYDLODEOHZLGJHWV%\HPSOR\LQJ1HZV'HVNVZLGJHW
GDVKERDUGDSSURDFKWKHXVHULVIUHHWRFKRRVHKRZWRREWDLQWKLVSLYRWHOHPHQW)RU
H[DPSOHDXVHUPD\IDYRUDNH\ZRUGVHDUFKLQLPDJHGHVFULSWLRQVDVLPSOHLPDJH
OLVWRUZLGJHWVGLVSOD\LQJJURXSVRILPDJHVDVD9HQQGLDJUDPIRUDPRUHH[SORUDWLYH
QDWXUHDQGVRIRUWK
7KHSLYRW LPDJH LV GLVSOD\HGRQ D FDQYDV DQG FDQEH H[SDQGHGE\ WKH XVHU2Q
H[SDQVLRQDQLQGH[ORRNXSIRUWKHWRS1VLPLODULPDJHVLVSHUIRUPHGZKHUH1LVD
SDUDPHWHULQWKHH[SORUDWLRQZLGJHW7KHUHWULHYHGLPDJHVDUHDGGHGWRWKHFDQYDVDQG
DOOYLVLEOHLPDJHVDUHUHSRVLWLRQHGWDNLQJVLPLODULWLHVDQGDOUHDG\GLVSOD\HGHOHPHQWV
LQWRDFFRXQW7KHVFHQDULRLVGHSLFWHGE\)LJXUH,PDJH([SORUDWLRQ6FHQDULR9HQQ
*URXS:LGJHWWRS6LPLODU,PDJH*UDSK:LGJHWORZHUOHIW,PDJH'HWDLO:LGJHW
ORZHUULJKW

Figure 4: Image Exploration Scenario, Venn-Group Widget (top), Similar Image-Graph 
Widget (lower left), Image-Detail Widget (lower right)
7RHQDEOH WKLV LPDJHH[SORUDWLRQ VFHQDULR VHYHUDO FRPSRQHQWV DUH LQFRUSRUDWHG
$IHDWXUHLQGH[VWRUHVYHFWRUVLQWKHIHDWXUHVSDFHE\ZKLFKVLPLODULWLHVDUHFDOFXODWHG
7KLVDOORZVSUHFDOFXODWLRQDQHFHVVDU\VWHSWRPDNHWKHVLPLODULW\VHDUFKVXI¿FLHQWO\
IDVWWREHXVHGLQDXVHULQWHUIDFH$PHWULFWKDW¿WVWKHIHDWXUHVSDFHLVXVHGWRFDOFXODWH
VLPLODULWLHVZKHQ WKH TXHU\ LV HYDOXDWHG7KH IHDWXUH LQGH[ LV TXLWH LQGHSHQGHQW
IURPWKHVHOHFWHGIHDWXUHZKLFKPD\EHDSXUHLPDJHIHDWXUHOLNHWKH&RORU/D\RXW
'HVFULSWRU>@RUDVHPDQWLFIHDWXUHOLNHDQQRWDWLRQVDERXWWKHLPDJHFRQWHQWRUWKH
LPDJHGHVFULSWLRQ
7KHJUDSKLQWHUDFWLRQFRPSRQHQWGHFRXSOHVWKHOD\RXWFDOFXODWLRQZKLFKGHFLGHVWKH
GLVSOD\SRVLWLRQVRIHDFKLPDJHLQWKHFDQYDVDQGWKHSUHVHQWDWLRQRIWKHYLVXDOL]DWLRQ
LQWKH1HZV'HVNZLGJHW*UDSKOD\RXWLQJLVDYDVW WRSLFZLWKGR]HQVRIPHWKRGV
DGGUHVVLQJVSHFL¿FYLVXDOL]DWLRQQHHGV+RZHYHUPRVWJUDSKYLVXDOL]DWLRQPHWKRGV
DUH GHVLJQHG IRU VWDWLF JUDSKV'XULQJ DQ H[SORUDWLRQ WKH JUDSKZLOO FKDQJH LH
QRGHVDQGHGJHVDUHDGGHGRUUHPRYHGDQGPDQ\PHWKRGVVKRZDFKDRWLFEHKDYLRXU
UHJDUGLQJWKHGLIIHUHQFHLQWKHJUDSKDQGWKHGLIIHUHQFHLQDOD\RXW+XPDQVKRZHYHU
DUHZHOOVXLWHGWRUHPHPEHUORFDWLRQV>@DQGWKHUHIRUHDQLQWHUDFWLRQEDVHGJUDSK
OD\RXWPXVWWDNHFDUHWRNHHSWKHOD\RXWDVVWDEOHDVSRVVLEOHFRQVLGHULQJWKHFKDQJHV
LQWKHJUDSK7KHOD\RXWLQJPHWKRGXVHVDFRPELQDWLRQRIPXOWLGLPHQVLRQDOVFDOLQJ
0'6DQGQRGHRYHUODSUHPRYDOEDVHGRQWULDQJXODWLRQ>@7KHLPSOHPHQWDWLRQ
ZRUNVLQFUHPHQWDOO\WRZDUGVDQRSWLPDOJUDSKZLWKUHVSHFW WRQRGHSRVLWLRQVDQG
JUDSKOD\RXWVDOUHDG\VKRZQWRWKHXVHU+RZHYHUWKHFDOFXODWLRQLVYHU\FRPSOH[
DQGWKHFXUUHQWLPSOHPHQWDWLRQLQ-DYDLVSHUIRUPDQFHZLVHQRWVXLWHGIRUWKHEURZVHU

7KHUHIRUH WKH OD\RXWLQJKDVEHHQ VSOLW XS$ MDYDEDFNHQG FRPSRQHQW VWRUHV WKH
FXUUHQWJUDSKLQD02&&$FRQWH[WDQGWDNHVFDUHRIOD\RXWFDOFXODWLRQ2QO\WKH
UHVXOWLQJQRGHSRVLWLRQVDUHVHQWWRWKHXVHULQWHUIDFHFRPSRQHQWZKLFKUHQGHUVWKH
JUDSKRQWKHVFUHHQ7KLVIUHHVWKH8,IURPWKHEXUGHQRIGHOLYHULQJWKHFXUUHQWVWDWH
DOORYHUDJDLQWRWKHJUDSKFDOFXODWLQJSURFHVVEHFDXVHGXULQJWKHH[SORUDWLRQSURFHVV
WKHJUDSKLVUHVWRUHGIURPWKH02&&$FRQWH[WRQWKHMDYDVLGHDQGUHXVHGIRUIXUWKHU
FDOFXODWLRQVWHSV
,QDQLQWHJUDWHGV\VWHPOLNHWKH6(16(IUDPHZRUNNQRZOHGJHDERXWWKHRYHUDOO
SURFHVVFDQEHOHYHUDJHGWRRSWLPL]HWKHSHUIRUPDQFH:KHQWKHOLVWRIVLPLODULPDJHV
LVUHWXUQHGE\WKH)HDWXUH,QGH[WRWKH*UDSK,QWHUDFWLRQFRPSRQHQWLWLVPRVWOLNHO\
WKDWWKLVLPDJHRUDUHSUHVHQWDWLRQOLNHDSUHYLHZLPDJHZLOOEHGLVSOD\HGLQWKHXVHU
LQWHUIDFH+RZHYHUWKH)HDWXUH,QGH[RQO\VWRUHVIHDWXUHYHFWRUV,IWKHLPDJHLWVHOI
KDVQRWEHHQDFFHVVHGIRUVRPHWLPHLWPLJKWEHVWRUHGRQWKHVORZHUFDSDFLW\WLHU
RURQWKHHYHQVORZHUDUFKLYHWLHURIWKH+607KHLQIRUPDWLRQDERXWDQH[SHFWHG
DFFHVVLVXVHGWRWULJJHUPLJUDWLRQLQWKH+60EHIRUHWKHUHVXOWLVGHOLYHUHGWRWKH
XVHULQWHUIDFH7KLVPHFKDQLVPDOORZVORDGLQJWKHLPDJHIURPWKH+60ZKLOHWKH
OD\RXWLVFDOFXODWHGDQGGHSHQGLQJRQWKHVWRUDJHWLHUPD\EHDYDLODEOHWRJHWKHUZLWK
WKHH[SORUDWLRQUHVXOWDVGHSLFWHGLQ)LJXUH3UHIHWFKRIVHPDQWLFDOO\UHOHYDQWGDWD
Figure 5: Prefetch of semantically relevant data
$VLPLODURSWLPL]DWLRQFDQEHDFKLHYHGLQWKH1HZV'HVNEDVHGIURQWHQG&RPSXWDWLRQV
EDVHGRQWKHFXUUHQWO\DFWLYHZLGJHWFRPSRVLWLRQ\LHOGLQIRUPDWLRQDERXWWKHSRVVLEOH
GDWDW\SHVHPSOR\DEOHE\WKHXVHULQWHUIDFH,IIRUH[DPSOHDQLPDJHGHWDLOZLGJHW
LVFRQQHFWHGWRWKH*UDSK,QWHUDFWLRQZLGJHWUHWULHYDORIWKHRULJLQDOKLJKUHVROXWLRQ
LPDJHEHVLGHVWKHORZUHVROXWLRQLPDJHVXVHGE\WKHJUDSKZLGJHWFDQEHWULJJHUHG
WRVKRUWHQWKHORDGWLPHIRUWKHGHWDLOYLHZDVZHOO0RUHJHQHUDOO\VSRNHQDOOZLGJHW
FRPSRVLWLRQVFUHDWHGE\WKHXVHUFRQWDLQLPSOLFLWNQRZOHGJHDERXWWKHPRVWUHOHYDQW
GDWDW\SHVDQGWKXVPD\GHPDQGWKHIDVWHVWVWRUDJHWLHUIRUWKRVHW\SHV

.QRZOHGJHDERXWUHODWLRQVKLSVEHWZHHQHQWLWLHVVWRUHGLQWKH+60DQGWKHLUXVHLQ
GLIIHUHQWIUDPHZRUNFRPSRQHQWVVXFKDVWKHXVHULQWHUIDFHRULQGLFHVFDQOHDGWR
IDVWHUDFFHVVWLPHV6LQFHWKHVWRUDJHFRPSRQHQWLVQRZDEOHWRDVVHVVZKLFKHQWLWLHV
LH¿OHVRQWKHVWRUDJHWLHUVDUHOLNHO\WREHXVHGWRJHWKHULWLVDEOHWRVWRUHDQGIHWFK
WKHPWRJHWKHUHIIHFWLYHO\HQDEOLQJDSRZHUIXO³SUHIHWFK´PHFKDQLVPEDVHGRQWKH
PHDQLQJRIGDWDDQGLQWHUDFWLRQ
%HVLGHVSUHIHWFKLQJGDWDIURPVORZHUVWRUDJHWLHUVWKH6(16()UDPHZRUNLVFDSDEOH
RISUHYHQWLQJWKHSXUJHRILPSRUWDQWGDWDIURPWKHIDVWHVWVWRUDJHWLHUVLQWKH¿UVW
SODFH7RLOOXVWUDWHWKDWLPDJLQHWKDWLQRXUVFUHQDULRWKHXVHUVKDVIRXQGVXLWDEOH
SLFWXUHVZLWKWKHKHOSRIWKHH[SORUDWLRQWRROVPHQWLRQHGDERYH+HQRZVWRUHVVRPH
RIKLV¿QGLQJVLQDSULYDWHZLGJHWVLPLODUWRD¿OHV\VWHPIROGHUFDOOHGDOLJKWER[
7KHGRPDLQNQRZOHGJHSURYLGHGE\WKHVHPDQWLFUHSRVLWRU\RI6(16(VWDWHVWKDW
SLFWXUHVFRQWDLQHGLQDOLJKWER[DUHPRUHUHOHYDQWWRWKHXVHUDQGIRUWKDWPRUHOLNHO\
WRJHWDFFHVVHGDQ\WLPHVRRQWKDQWKRVHZKRDUHQRWDQGGXHWRWKDWDUHNHSWLQIDVWHU
VWRUDJHWLHUVDVORQJDVSRVVLEOH,IWKHXVHUDWWHQGLQJWKHHGLWRULDOPHHWLQJSUHVHQWV
WKRVHSLFWXUHVRQDFROODERUDWLYHVFUHHQHYHQPRUHXVHUVJHWDFFHVVWRWKHP7KLV
SURFHVVDJDLQKDVEHHQPRGHOHGLQWKHGRPDLQGHSHQGHQWRQWRORJ\WRWDNHSUHFHGHQFH
RYHUSLFWXUHVVWRUHGLQDOLJKWER[DQGDFFRUGLQJO\RYHUSLFWXUHVZKLFKDUHMXVWVWRUHG
E\WKHV\VWHPLWVHOI
%\WKDWWKHXVDJHRIGDWDZLWKLQWKHV\VWHPOHDGVWRDEHWWHURUJDQL]HGVWRUDJHVWUXFWXUH
DVZHOODVWREHWWHUSHUIRUPDQFHLQWKHXVHULQWHUIDFH:HEHOLHYHWKDWWKLVSHUIRUPDQFH
ERRVWFDQQRWEHDFKLHYHGE\WUDGLWLRQDOV\VWHPVWKDWFDQRQO\UHO\RQDFFHVVWLPHVDQG
VLPLODUQRQVHPDQWLFPHWDLQIRUPDWLRQ
7KHVFHQDULRVKRZVKRZFRPSRQHQWV LQ WKH6(16(IUDPHZRUNFDQEHFRQQHFWHG
DQGZRUNWRJHWKHUWRLQFUHDVHSHUIRUPDQFHRIWKHRYHUDOOV\VWHP7KLVLVGXHWRUHVXOW
SURFHVVLQJDQGUHWULHYDOIURPWKH+60V\VWHPRYHUODSDQGSDUDOOHOSURFHVVLQJ LV
HQDEOHG7KLVIHDWXUHDVZHOODVWKHNQRZOHGJHDERXWWKHLPSRUWDQFHRIGDWDWRWKH
XVHULVRQO\DYDLODEOHGXHWRWKHLQWHJUDWHGVHPDQWLFVDERXWWKHSURFHVVHVDQGGDWD
VWRUHGZLWKLQWKHV\VWHP
5 Conclusion
,QWKLVSDSHUZHSUHVHQWHGWKH6(16(IUDPHZRUNDQGKRZDVWURQJVHPDQWLFLQWHJUDWLRQ
IURP WKH VWRUDJHEDFNHQGXS WR WKHXVHU LQWHUIDFH FDQ LQFUHDVHSHUIRUPDQFH:H
SURYLGHGDVFHQDULRWKDWDV\VWHPµVDZDUHQHVVRILWVFRPSRQHQWVFDQOHDGWRDVKRUWHU
WLPHSHULRGEHWZHHQDXVHUµVFRPPDQGDQGWKHUHVXOWGHOLYHU\DQGE\WKDWLPSURYLQJ
WKHXVDELOLW\:HRXWOLQHGKRZGRPDLQNQRZOHGJHRIDFROODERUDWLYHZRUNÀRZFDQEH
HPSOR\HGWR¿QHO\JUDGXDWHWKHUHOHYDQFHRIFHUWDLQGDWDREMHFWVDQGVNHWFKHGKRZ
WKLVDSSURDFKFDQEHDSSOLHGWRRWKHUGRPDLQVDQGDSSOLFDWLRQVDVZHOO

7KH6(16(SURMHFWLVVWLOOXQGHUZD\([WHQVLRQVDQGLPSURYHPHQWVDUHSODQQHGZLWK
WKHQHDUIXWXUH7KHXVDJHRIIHDWXUHLQGH[WRVSHHGXSDQGHQDEOHLQWHUDFWLRQVFKHPHV
ZLOOEHH[WHQGHG&XUUHQWO\IHDWXUHVEDVHGRQLPDJHFRQWHQWDUHXVHGWRSURRIWKH
FRQFHSW+RZHYHU LQ WHUPVRI WKHSURMHFW WKRVH LQGLFHVDUH IDUPRUHYDOXDEOH LI
WKH\FDQEHXVHGIRUVHPDQWLFGDWDVXFKDVJURXSLQJRUHQWLW\UHODWLRQV7KHDELOLW\
WRTXLFNO\GLVFRYHUVWURQJWLHVEHWZHHQHQWLWLHVFDQEHOHYHUDJHGLQWKHXVHULQWHUIDFH
DVZHOODVLQWKHVWRUDJHWLHU:HZLOOH[SORUHIXUWKHUWKHSRVVLELOLWLHVWKDWDULVHIURP
VHPDQWLFLQGH[LQWHJUDWLRQ
7RZDUGVWKHHQGRIWKH6(16(SURMHFWGLIIHUHQWVWXGLHVZLOOEHFRQGXFWHGWRVKRZDQ
LPSURYHPHQWRYHUH[LVWLQJV\VWHPVZKHUHFRPSRQHQWVKDYHOHVVLQIRUPDWLRQDERXW
HDFKRWKHU7KLVUHODWHVWRXVHUH[SHULHQFHDVZHOODVEDFNHQGSURSHUWLHVOLNHVWRUDJH
WKURXJKSXWDQGDFFHVVWLPHV
:LWK D IXOO\ IXQFWLRQDO 6(16( IUDPHZRUN DGGLWLRQDO XVDJH VFHQDULRV ZLOO EH
H[SORUHGDQGHYDOXDWHG OHDGLQJWRQRYHOZRUNÀRZVDQGQRYHOZD\VRI,7VXSSRUW
IRUH[LVWLQJZRUNÀRZV
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